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Changes in the sympathetic nervous system and adrenal medullary activity are reflected in an alteration in plasma noradrenaline and adrenaline concentrations.9 Similarly changes in plasma dopamine-4-hydroxylase (D3H) activity may be used as an index of sympathetic nervous system activity. 10 In this study changes in plasma noradrenaline and adrenaline concentrations and D,BH activities have been measured before, during, and after surgical correction of aortic coarctation to determine the relationship between postoperative hypertension and the activity of the sym-gery there was a small increase in plasma noradrenaline concentrations and a return to levels within the normal range within 24 hours.
Various explanations for the rise in plasma noradrenaline concentrations are considered. In particular the possibility is raised that after surgical correction of aortic coarctation the increased levels indicate a marked increase in sympathetic nervous system activity; this may be mediated by baroreceptor mechanisms and may persist for up to six months after surgery.
pathetic nervous system and adrenal medulla. These patients were re-investigated six months after surgery to assess whether or not their blood pressure had increased and was correlated with an increase in plasma adrenaline and noradrenaline concentrations and D3H activities.
Patients Aortic Coarctation Group
Three males and three females aged 19.2 ± 4.4 years (mean ± SEM) formed this group (table 1). All underwent preoperative left heart catheterization to determine the degree of narrowing of the coarctation. This is expressed as the peak pressure gradient across the coarctation at the time of systole. Preoperative blood pressure was determined in the right arm using a sphygmomanometer after supine bed rest for 30 min. Preoperative blood samples for plasma adrenaline, noradrenaline, and D,BB estimations were taken; patients had not had drugs for at least 72 hours.
Premedication and anesthesia during surgery were the same in all patients and included induction with thiopentone, muscle relaxation with D-tubocurarine, and maintenance of anesthesia with nitrous oxide and oxygen.
Following thoracic surgery patients were transferred to the intensive care unit where systolic and diastolic blood pressures were monitored continuously using an intraarterial cannula. Venous blood samples were collected for plasma adrenaline and noradrenaline concentrations and D,BH activity estimation immediately before resection of coarctation and immediately after the anastomosis was Control Groups. Plasma noradrenaline concentrations in normotensive and hypertensive control groups showed an increase 6-12 hours after surgery which was significantly less than the peak plasma noradrenaline concentrations measured in patients undergoing resection for aortic coarctation (table 3) . These increased concentrations rapidly declined in both the control groups and were within the normal range within 24 hours after surgery. . 1) A ortic Coarctation Group. The preoperative plasma adrenaline concentrations were 0.10 ± 0.03 ng/ml (table 3) and were not significantly different from the preoperative plasma adrenaline concentrations in the two control groups. Immediately after surgery there was an increase, reaching a peak concentration of 0.41 ± 0.11 ng/ml within 12 hours. These concentrations thereafter gradually declined and by the end of the third postoperative day the plasma adrenaline concentration had reached the normal range.
Concentrations and Doparnine-fi-hydroxylase (DB3H) in Coarctation
Control Group. The preoperative plasma adrenaline concentrations in both the control groups of patients were within the normal range (table 3) and showed a significant increase within six hours after surgery and thereafter rapidly declined to reach the normal range by the third postoperative day. The changes in plasma adrenaline concentrations between the aortic coarctation group and the two control groups were not significantly different.
Plasma D3H Activities ( fig. 1) The plasma D/H activities in all three groups of patients prior to surgery were within normal range and in control groups of patients did not show any significant variation after surgery. However the small postoperative increases noted in plasma D,BH in five of the six coarctation patients were statistically insignificant.
Changes of Blood Pressure in Patients with Aortic Coarctation
Although in five out of six patients who had aortic coarctation resected there was a decrease in blood pressure immediately after surgery, the blood pressure progressively increased in the postoperative period (table 1) in parallel with the increase in plasma noradrenaline concentrations and reached a peak 6-12 hours after surgery. Although the blood pressure thereafter gradually decreased in most patients, in four patients, antihypertensive drugs were later required to lower their blood pressure to acceptable values (table 1). In contrast there was no significant change in the blood pressure in either control group after surgery.
Correlation between Plasma Noradrenaline Concentrations and Peak Pressure Gradient Across Aortic Coarctation
To determine whether the preoperative severity of the coarctation influenced the postoperative plasma noradrenaline concentrations, plasma noradrenaline concentrations present 12 hours after surgical resection were compared with the preoperative pressure gradients across aortic coarctation. There was a strong correlation between the two variables ( fig. 2 ).
Discussion
The changes in plasma adrenaline concentrations in the aortic coarctation group What then is the meaning of this selective rise of plasma noradrenaline after correction of aortic coarctation? Theoretically it could be due to a change in the disposition of noradrenaline released from sympathetic nerve endings such as might be caused by decreased reuptake or metabolism or to an increased "wash-out" from tissues due to a change in regional blood flows subsequent to the correction.
However another exqlanation is based upon the supposition that plasma noradrenaline concentrations might constitute a crude indication of the amount of noradrenaline released from sympathetic nerve endings and therefore reflect sympathetic nervous system activity.9
Others2-4 have reported increased urinary excretion of demonstrated that within 24 hours of the resection the response of the blood pressure to the cold pressor test was significantly depressed. They suggested that the sympathetic nervous system was already activated in the immediate postoperative period and therefore further stimulazion could not augment its activity. All these findings indicate that after surgical correction of aortic coarctation there is an increase in sympathetic nervous system activity.
As the plasma noradrenaline concentrazions increased after resection of the coarctation so there was a rise in the systolic and diastolic blood pressures. We conclude that these increases in the blood pressure may be due to increased sympathetic nervous system activity as shown by the rise in plasma noradrenaline concentrations.
The function of the baroreflex in hypertension has been tested by recording the changes in heart rate15-17 and sympathetic activity18 in response to altered arterial pressure. These studies indicate that in hypertension baroreflexes may be set at a higher level. Therefore in patients with coarctation of the aorta the baroreceptor mechanisms might have been altered by the increased pressure above the coarctation. Thus when the expected fall in blood pressure occurs after resection the sympathetic nervous system activity is reflexly increased. The observation that the concentration of noradrenaline present in plasma 12 hours after resection correlates with the preoperative peak pressure gradient across the coarctation supports this thesis. In other words, the more severe the coarctation, the greater the sympathetic nervous system response might be on correction.
The increase in postoperative plasma noradrenaline concentrations persisted for six months after surgery which might suggest that there is a persistent increase in sympathetic nervous activity. One possible explanation for this persistent increase is that baroreceptors that have been accustomed to the high blood pressure from birth fail to reset at a lower level after surgical correction. Although it has been shown in hypertensive rats that reduction of blood pressure produced normal baroreceptor activity in 1-6 hours,'9 other workers have indicated that there is baroreceptor damage following hypertension in man;20 21 this has been put forward as a possible mechanism of resetting. 22 If persistent hypertension present from birth in patients with aortic coarctation could produce structural and/or functional alterations in baroreceptors which fail to reset properly even after six months, sympathetic nervous system activity might persist even after hypertension is abolished. Other factors producing sustained hypertension after correction of aortic coarctation may be operative however. Long standing hypertension could also cause structural alterations in the arterioles that might contribute to the sustained hypertension. Our findings do not exclude the finding that several mechanisms may be responsible for the continued hypertension and that those influences in the immediate postoperative period may be different from those after six months.
The changes in plasma DOB activities in the aortic coarctation group were not different from the changes seen in the two control groups. If indeed the raised plasma noradrenaline concentrations reflected increased sympathetic nervous system activity after correction of the coarctation, then in this situation plasma DfH activity failed to follow the expected pattern.
